INTRODUCTION
============

In females, breast cancer (BC) is the most common type of cancer and the second leading cause of death from cancer \[[@B1]\]. Though recent studies have focused on elucidating the molecular mechanisms of BC, the exact mechanisms of BC initiation and progression remain unclear. Currently, conventional clinicopathological factors are insufficient for accurate prediction of BC patient outcomes. Therefore, there is a need for development of novel markers that predict the course of BC and that can potentially be used to develop treatment strategies.

MicroRNAs (miRNAs) are small (18-25 nucleotides long) non-coding RNA molecules that modulate the activity of specific messenger RNA (mRNA) targets involved in fundamental biological processes including development, apoptosis, proliferation, and differentiation. Following the discovery of *lin-4* in *Caenorhabditis elegans* \[[@B2]\], thousands of miRNAs have been identified in a variety of organisms. Many studies have demonstrated that several miRNAs correlate with clinical and biological features of tumors, including tissue type, and are aberrantly expressed in various types of cancer \[[@B3], [@B4]\]. Many recent studies have identified expression of microRNA-21 (miR-21) in the serum of BC patients. Quantitative measurement of miR-21 expression has been previously reported in BC tissue \[[@B5]\]. These findings suggest that tumor-specific miRNAs in serum are derived not only from circulating blood cells but also from cancer cells. The miR-21 is a novel and promising biomarker for detection and diagnosis of biliary tract cancer \[[@B6], [@B7]\]. In particular, miR-21 has emerged as an oncogenic miRNA in BC, as it is the most consistently up-regulated miRNA in a wide range of cancers \[[@B8]\].

Here, we report that miR-21 plays a role in BC progression and has a prognostic value in a Chinese population. We investigated neoadjuvant chemotherapy treatment with either trastuzumab or lapatinib in BC patients based on molecular factors such as estrogen receptor (ER) status, human epidermal growth factor receptor 2 (HER2) positivity, or triple negative status. To address these issues, our study quantitatively measured serum miR-21 expression and determined its relationship to BC prognosis, including recurrence and survival, after resection.

METHODS
=======

1. Patients and samples
-----------------------

We examined 326 Chinese patients with invasive ductal carcinoma of the breast who underwent surgery between July 2009 and May 2014 at the First Hospital of Zibo City, China. Tissue and serum samples were collected from these 326 BC patients (154 patients in the trastuzumab arm and 172 patients in the lapatinib arm). For the validation study, serum samples were collected from 223 healthy volunteers. Healthy volunteers were confirmed to be free of malignant disease for \>2 yr. Matched BC tumors and adjacent normal tissues were obtained from the First Hospital of Zibo City. Immediately after resection, tissue samples were frozen in liquid nitrogen and stored at -80℃ until examined. Whole blood samples were collected in Serum Separator Tubes (Becton Dickinson, Franklin Lakes, NJ, USA) during routine sampling from 223 healthy volunteers and 326 BC patients prior to treatment. Serum was harvested by centrifugation at 1,710 g for 10 min at 20℃ after allowing blood to clot for 30 min at 35℃. Fresh serum samples were then aliquoted into eppendorf tubes and immediately frozen at -80℃ until total RNA was isolated.

BC was staged according to 7th edition of the Cancer Staging Manual from the American Joint Committee on Cancer \[[@B9]\]. Recurrence was defined as a new tumor observed in the breast after initial curative resection. Progression was defined as disease with a higher tumor-node-metastasis stage at relapse. Diagnoses were independently confirmed as primary BC for all patients using histopathological records (BC 1/2, early onset \[BRCA1/2\] expression; ER/HER2 positivity; lymph node status; etc.). The Ethics Committee of the First Hospital of Zibo City approved this study, and written informed consent was obtained from all participants. For clinical results, miR-21 measurements were blinded. Detailed patient characteristics are listed in [Table 1](#T1){ref-type="table"}.

There were no differences in baseline characteristics between BC patients and normal subjects. Most of the patients with invasive ductal carcinoma of the breast had advanced-stage disease.

2. Isolation of total RNA and real-time quantitative (RQ)-PCR analysis
----------------------------------------------------------------------

Total RNA was extracted from tumors, adjacent normal tissues, and serum samples using a commercial kit designed to isolate small molecular weight nucleic acids (miRNeasy Mini Kit; Qiagen, Venlo, Limburg, Netherlands). We performed RQ-PCR using the TaqMan miRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA), which utilized stem-loop reverse primers. Reactions were carried out in an ABI Prism 7000 PCR system (Applied Biosystems). U6 small nuclear (sn) RNA was used as an endogenous control. The PCR conditions included initial incubation at 50℃ for 2 min and denaturing at 95℃ for 10 min, followed by 40 cycles of 95℃ for 15 sec and 60℃ for 60 sec \[[@B10]\]. All samples were measured in duplicate.

To estimate miR-21 expression, an expression index (EI) was calculated using the formula: 1,000×2^(-Δ*C*t)^, where Δ*C*~t~ is the difference in the threshold cycle (*C*t) values between the target and the endogenous control used for analysis in the RQ-PCR results (Δ*C*~t~=*C*t~miR~-21-*C*t~U6\ snRNA~). The fold change in miR-21 expression for each BC sample was calculated relative to the average expression in normal control samples. Fold changes were calculated based on the Ct values using the following formula:

RQ=2^-ΔΔ*C*t^, where ΔΔ*C*t=(*C*t~miR-21~-*C*t~U6\ snRNA~)tumor-(*C*t~miR-21~-*C*t~U6\ snRNA~) mean normal.

3. Statistical analysis
-----------------------

All statistical analyses were performed by using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Values are presented as medians and ranges. Associations between the selected comparing groups were assessed by using Pearson\'s chi-square tests. Survival rates were calculated actuarially according to the Kaplan-Meier method, and survival curves were plotted; statistical differences were analyzed by using log-rank tests. The multivariate Cox proportional hazards model was used to assess the independent prognosis effect of serum miR-21 expression for risk of recurrence and disease-free survival. BC subtype and pathology factors included in the analysis were involved patient hormone positivity including HER2 positivity, triple negative status, and ER and progesterone receptor status. All tests comparing groups were 2-tailed, and *P*\<0.05 was considered statistically significant.

RESULTS
=======

1. miR-21 is significantly up-regulated in BC tissues
-----------------------------------------------------

We analyzed the expression levels of miR-21 in paired BC tissues and normal adjacent breast tissues from 326 BC patients. Analysis by RQ-PCR revealed that miR-21 expression was higher in BC tissues (median expression level=687.21; range= 98.95-4,981.31) than in normal adjacent breast tissues (median expression level=59.24; range=4.95-178.77; *P*\<0.001).

2. Serum miR-21 expression in BC
--------------------------------

Expression of miR-21 was detected in serum from BC patients, with expression levels that varied widely (EI values ranging from 25.4 to 9,230.2). The 2^-ΔΔ*C*t^ median expression of miR-21 was 0.67±0.15. We compared serum miR-21 expression between BC patients (n=326) and healthy controls (n=223). The 2^-ΔΔ*C*t^ values for BC patients versus healthy controls were 9.12±3.43 and 2.96±0.73, respectively. As shown in [Fig. 1](#F1){ref-type="fig"}, association between serum miR-21 expression and tumor-node-metastasis stage were found to be up-regulated in BC patients (*P*=0.033).

3. Prognostic value of serum miR-21 expression in BC
----------------------------------------------------

We first performed survival analysis for all patients, and then for BC subtypes with differences in hormone positivity including ER status, HER2 positivity, or triple negative status ([Table 2](#T2){ref-type="table"}). The relationship between miR-21 expression and prognosis (recurrence or survival) varied by disease stage. We investigated the serum levels of miR-21 in 326 BC patients before neoadjuvant chemotherapy treatment along with clinicopathological characteristics and pathological complete responses to trastuzumab or lapatinib-based neoadjuvant therapy. Our subgroup analysis revealed that recurrence was significantly different between patients with high versus low miR-21 expression.

To determine whether elevated serum miR-21 was a potential predictor of prognosis in BC patients, recurrence-free and disease-free survival were analyzed, with the BC patients divided into subgroups according to serum miR-21 expression level. Kaplan-Meier analysis demonstrated differences in the recurrence-free and disease-free survival curves in patients with high versus low expression of serum miR-21. As shown in [Fig. 2](#F2){ref-type="fig"}, the high serum miR-21 expression group had a significantly shorter recurrence-free survival than in the low serum miR-21 expression group (*P*=0.026). Moreover, disease-free survival was significantly shorter in the high serum miR-21 expression group than in the low serum miR-21 expression group (*P*=0.033) ([Fig. 3](#F3){ref-type="fig"}).

The multivariate Cox proportional hazards model indicated that serum miR-21 expression was an independent poor prognostic factor for both recurrence (HR=2.942; 95% CI=1.420-8.325; *P*=0.008) and disease-free survival (HR=2.732; 95% CI=1.038-7.273; *P*=0.003) in HER2-positive BC patients receiving neoadjuvant therapy ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

In this study, we examined expression of miR-21 in tissues and serum from 326 BC patients and 223 healthy controls. We found that serum levels of miR-21 were significantly higher in BC patients than in controls. This is in contrast to a study by Mar-Aguilar et al. \[[@B11]\] that found similar levels of miR-21 expression in BC patients and controls. Similarly, when Chan et al. \[[@B12]\] reported the 20 miRNAs that were most significantly differentially expressed in BC tumors, they found that only seven miRNAs were overexpressed in both tumors and serum, and miR-21 was not identified as the most important diagnostic marker. Also, miR-21 levels in serum showed a number of small differences between BC patients who developed metastasis and BC patients who remain metastasis-free \[[@B12]\].

Notably, miR-21 is one of the most frequently studied oncogenic miRNAs (onco-miRNAs). Although a direct correlation between aberrant expression of miR-21 and BC has been previously demonstrated, it is not clear whether suppression of miR-21 alone will affect tumorigenesis \[[@B13]\]. In this report, we showed that miR-21expression was significantly higher in BC tissues than in normal adjacent breast tissues ([Table 1](#T1){ref-type="table"}).

The miR-21 gene is located on chromosome 17q23.2, which is inside the common fragile site FRA17B. This region is frequently amplified in breast and lung cancer \[[@B14]\]. In BC, miR-21 is an onco-miRNA. Elevated miR-21 expression may facilitate tumor progression, and miR-21 expression may be up-regulated by transforming growth factor-β \[[@B15]\]. This study provides a comprehensive investigation of the association between serum miR-21 and BC prognosis in Chinese females. We found an association between serum miR-21 expression and prognosis (recurrence and survival) that seemed to vary by disease stage. Patients with high serum miR-21 expression had an increased risk of disease progression compared to patients with low serum miR-21 expression ([Table 2](#T2){ref-type="table"}).

There is a large amount of evidence indicating that miR-21 is associated with regulation of proliferation and differentiation during development. Also, it is possible to develop treatment strategies by targeting miR-21 \[[@B16]\]. Serum miRNA levels show a number of small differences in females who later develop cancer versus those who remain cancer-free. Microarray analysis of miRNAs in the serum of BC patients has only recently been reported. Aberrantly expressed miR-21 in the blood of BC patients is occasionally reported, and expression of miR-21 and miR-146a in plasma samples from BC patients might be useful for BC diagnosis in Indian females \[[@B17]\]. Our results show that expression of serum miR-21 is up-regulated in BC patients compared to healthy controls in a population of Chinese females. High expression of serum miR-21 may contribute to BC pathogenesis (*P*=0.033) ([Fig. 1](#F1){ref-type="fig"}) and development of invasion and lymph node metastasis (*P*=0.012) ([Table 2](#T2){ref-type="table"}).

Although the impact of miR-21 on BC prognosis remains controversial, a few studies have reported promising associations with miR-21 expression levels that could make this a novel potential biomarker for BC prognosis. Previously, Gao et al. \[[@B18]\] reported that serum miR-21 was a more sensitive BC marker than cancer antigen (CA)15-3 or carcinoembryonic antigen; in particular, miR-21 was a potential tumor marker for the diagnosis of early-stage BC. Also, miR-21 levels before and after chemotherapy demonstrated a detectable association with overall survival that was independent of anti-HER2 therapy. Investigation of serum miR-21 has yielded encouraging data that suggests that the clinical relevance of miR-21 should be confirmed in a larger BC patient cohort \[[@B19]\]. When BC is suspected, clinicians may check factors such as CA15-3, Ki-67, cytokeratin 8/18/19, BRCA1/2, and ER/HER2, which are still the main diagnostic biomarkers \[[@B20], [@B21]\]. The BRCA1 and BRCA2 tumor suppressor genes are strong predictors of BC development; mutations in BRCA 1 and 2 are inherited in an autosomal dominant manner and play important roles in BC risk \[[@B22]\]. Reports have indicated that miR-21 functions as an oncogene and modulates tumorigenesis through regulation of genes such as *bcl-2*; therefore, miR-21 may serve as a novel therapeutic target \[[@B23]\].

Though new technologies are emerging to improve the specificity, stability, and efficiency of miRNA delivery and therapy, the final outcomes of this strategy remain uncertain \[[@B24]\]. Currently, clinicians do not have an effective molecular biology marker for BC. Expression profiles of circulating miRNAs may yield promising biomarkers for diagnosis and assessment of the prognosis of cancer patients. Sensitive techniques allow the expression levels of many miRNAs to be determined, and this information can be used for diagnostic purposes \[[@B25]\]. The mechanism underlying miRNA-21 stability is still being investigated for BC detection \[[@B26]\].

The utility of miRNA profiles as potential diagnostic or prognostic markers for BC has been gaining interest \[[@B27]\]. Our study had some limitations, including small sample size and a limited ability to generalize our results since all our patients were Chinese females. Despite these limitations, our study provided initial data about the up-regulation of serum miR-21 in BC patients and suggested the diagnostic value of serum miR-21 in BC patients with metastasis. Serum miR-21 may have clinical utility for monitoring and follow-up of BC patients with metastasis. Clearly, our results should be further validated by a prospective study in a multicenter clinical trial. The ideas in this study should be further explored by studies with larger sample numbers.

In conclusion, we found that serum miR-21 was up-regulated in BC patients, and increased miR-21 expression levels correlated with poor prognosis of BC patients. Our findings indicate that serum miR-21 may serve as a novel potential prognostic marker for recurrence and survival of BC patients before resection.

This study was supported in part by the Research Program Foundation (No.2013) of the First Hospital of Zibo City, and the Natural Scientific Foundation of Shandong Province (grant No. ZR2010CQ031).

No potential conflicts of interest relevant to this article were reported.

![Association between serum microRNA-21 (miR-21) expression and tumor-node-metastasis (TNM) stage. Significant: 2-sided Pearson\'s chi-square test, *P*\<0.05.\
Abbreviations: miR-21, microRNA-21; TNM, tumor-node-metastasis.](alm-35-226-g001){#F1}
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###### 

Baseline patient characteristics
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^\*^All subjects are females.
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Associations between serum miR-21 expression and clinicopathological features
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^\*^Significant: 2-sided Pearson\'s chi-square test, *P*\<0.05.

Abbreviations: miR-21, microRNA-21; BRCA1/2, breast cancer 1/2, early onset; ER, estrogen receptor; HER2, human epithelial growth factor receptor 2; PR, progesterone receptor; TNM, tumor-node-metastasis.

###### 

Prognosis of serum miR-21 for recurrence or disease-free survival in breast cancer
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^\*^Significant: 2-sided Pearson\'s chi-square test, *P*\<0.05.

Abbreviations: miR-21, microRNA-21; CI, confidence interval; ER, estrogen receptor; HER2, human epithelial growth factor receptor 2; HR, hazard ratio; PR, progesterone receptor; TNM, tumor-node-metastasis.
